Abstract: Power flows exceeding the thermal capacity on power system lines and severe rise on bus voltages are a potential problem in the future distribution grids where development of photovoltaic (PV) installations is expected. This problem could cause damage on components such as transformers and distribution lines provoking triggering the system protections that would eventually lead to system failures. The economic and environmental implications related to reinforcing of the existing network, make this option not the immediate solution for implementation. Installation of battery energy storage systems (BESS) and control of active power curtailment (APC) would be another option to phase the upcoming problems. In this paper a forecast for the year 2035 in a real residential area in Switzerland was investigated, where large amount of PV panels are expected to be installed. This project investigates different solutions based on BESS and APC to deal with the inevitable increase of power flow in the network. The solutions presented here, prevent the overload in a distribution system transformer and avoid excess power flows on the lines. For a given set of demand and PV production curves, simulations in Matlab were performed and computations of optimal power flows were calculated. The solutions explored on this work consider economical aspects such as discounted cash flow method that finds the optimal size of BESS installed. Results also show that combining BESS with curtailment is the most viable solution.
INTRODUCTION
The Swiss Government has targeted various changes in the policies and regulations related to the electricity production in Switzerland. Some modifications include reduction of greenhouse gas emissions, increase industrial process efficiency and decommissioning of the existing nuclear power plants by 2035 . All these changes are described in full detail in BFE (2013) . According to the Federal Council, the compensation of the nuclear power should be done using green renewable energy sources. To cover the forecasted demand, additional energy production is necessary. The majority of this additional energy should be produced by new renewable energy sources and new combined gas power plants. A vital part in the production of the renewable energy sources corresponds to photovoltaic production. The goal is to produce 20% of the yearly Swiss electric energy production by 2050, which is about 11 TWh. In order to safety implement this new energy strategy, adjustments in the new so called smart grid are required IEA (2015) . Smart grids typical inte- grate components such as renewable generation capable of meeting local demand and feeding the unused energy back to the electric grid, residential and industrial loads, energy storage to support the variability of renewable generation, smart meters to measure and monitor various parameters such as active power, voltage and current. Based on the fact that classic power systems are moving towards smart grids worldwide, and the cost for instance of installing photovoltaic has decreased in the last 6 year by a factor of almost 3 accorging to IEA (2014), in Switzerland some PV systems have been already installed and more are expected to be installed in future. The modularity characteristic of such systems results into higher PV density on distribution grids. Significant attention has been paid to battery storage managing PV generation in distribution networks as well as other battery services such as demand load-shifting and ancillary services (e.g., frequency control) Parra et al. (2015) . From a methodological perspective, the focus of recent publications has been on novel control and schedule techniques Nick et al. (2014) as well as optimal sizing and/or location in distribution networks Park et al. (2015) . On this work, we present an optimal, simple and effective procedure to size battery energy storage systems (BESS) where large amount of distributed generation exist. The proposed approach considers also control of active power Abstract: Power flows exceeding the thermal capacity on power system lines and severe rise on bus voltages are a potential problem in the future distribution grids where development of photovoltaic (PV) installations is expected. This problem could cause damage on components such as transformers and distribution lines provoking triggering the system protections that would eventually lead to system failures. The economic and environmental implications related to reinforcing of the existing network, make this option not the immediate solution for implementation. Installation of battery energy storage systems (BESS) and control of active power curtailment (APC) would be another option to phase the upcoming problems. In this paper a forecast for the year 2035 in a real residential area in Switzerland was investigated, where large amount of PV panels are expected to be installed. This project investigates different solutions based on BESS and APC to deal with the inevitable increase of power flow in the network. The solutions presented here, prevent the overload in a distribution system transformer and avoid excess power flows on the lines. For a given set of demand and PV production curves, simulations in Matlab were performed and computations of optimal power flows were calculated. The solutions explored on this work consider economical aspects such as discounted cash flow method that finds the optimal size of BESS installed. Results also show that combining BESS with curtailment is the most viable solution.
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The Swiss Government has targeted various changes in the policies and regulations related to the electricity production in Switzerland. Some modifications include reduction of greenhouse gas emissions, increase industrial process efficiency and decommissioning of the existing nuclear power plants by 2035. All these changes are described in full detail in BFE (2013). According to the Federal Council, the compensation of the nuclear power should be done using green renewable energy sources. To cover the forecasted demand, additional energy production is necessary. The majority of this additional energy should be produced by new renewable energy sources and new combined gas power plants. A vital part in the production of the renewable energy sources corresponds to photovoltaic production. The goal is to produce 20% of the yearly Swiss electric energy production by 2050, which is about 11 TWh. In order to safety implement this new energy strategy, adjustments in the new so called smart grid are required IEA (2015) . Smart grids typical inte- grate components such as renewable generation capable of meeting local demand and feeding the unused energy back to the electric grid, residential and industrial loads, energy storage to support the variability of renewable generation, smart meters to measure and monitor various parameters such as active power, voltage and current. Based on the fact that classic power systems are moving towards smart grids worldwide, and the cost for instance of installing photovoltaic has decreased in the last 6 year by a factor of almost 3 accorging to IEA (2014), in Switzerland some PV systems have been already installed and more are expected to be installed in future. The modularity characteristic of such systems results into higher PV density on distribution grids. Significant attention has been paid to battery storage managing PV generation in distribution networks as well as other battery services such as demand load-shifting and ancillary services (e.g., frequency control) Parra et al. (2015) . From a methodological perspective, the focus of recent publications has been on novel control and schedule techniques Nick et al. (2014) as well as optimal sizing and/or location in distribution networks Park et al. (2015) . On this work, we present an optimal, simple and effective procedure to size battery energy storage systems (BESS) where large amount of distributed generation exist. The proposed approach considers also control of active power curtailment to optimize the capacity of the storage device from an techno-economic perspective.
FORMULATION OF THE PROBLEM
Implementing the Swiss energy strategy represents significant increase of PV penetration, which as a consequence will produce larger amounts of decentralised injection of renewable sources into the existing distribution grid. With the introduction of new devices in the grid that not only consume electricity but also produce, the power flowing in todays's network is not always going in the same direction, e.g. from medium to low voltage levels. One particular problem related to this phenomena is the amount of power flowing through distribution system transformers. The physical limit of these elements could be exceeded causing irreparable damage of the equipment and consequently the inability to supplying electricity to the end consumer. Based on the future role of PV in Switzerland, is important to provide solutions to such problems. Some possible ways to ameliorate potential damage in distribution transformers are listed below:
• Reactive Power Control (RPC). By controlling the reactive power, the voltage level in the grid can be slightly adjusted. However, a negative side effect of RPC is the increasing losses in the lines.
• Active Power Curtailment (APC). PV systems produce peak power a limited period of time. Therefore, it is possible to cut the power peaks of a PV system by controlling the power electronic inverter attached to the system. • Demand Side Management (DSM). Is referred to the modification of consumer demand for energy through various methods such as financial incentives or behavioral changes.
• Battery Energy Storage Systems (BESS). Is an interesting solution to increase the installed PV capacity on distribution grids.
In this work we concentrate our attention on solutions based on BESS and APC. Curtailment is a concept that is relatively simple to implement, cost effective solution and it offers a lot of potential for the future structure of distribution grids. On the other hand, storage technologies are flexible devices that can be used for different purposes as described next: a) Energy storage. As it names indicate, BESS can be used for storing energy when the demand is smaller than the PV produced. Under this scheme, the energy saved in the battery is used to supply the demand when the PV produced is not enough or there is no production, e.g. during the night. b) Peak shaving. Another possibility is to use the battery to absorb energy when the electricity in the network is exceeding a predefined limit. This approach can help to protect elements from the grid such as transformers and lines. c) Frequency regulation. BESS can also be used to regulate the frequency in the system. Particularly, lithiumion technology is highly appreciated for primary control because their ability to provide fast power supply.
DISTRIBUTION SYSTEM MODEL
The system under investigation is a residential area in Zurich. It is an urban area with a size of about 169000 m 2 . The system has 254 buses, 111 of them are house connection points. All buses are connected together in a mashed grid structure with 262 branches Schlatter (2015) . The single line diagram of the distribution grid used is depicted on Figure 1 and more details can be found in Segundo et al. (2016) . The distribution system is connected to the medium voltage grid trough two 850 kVA transformers.
The PV and demand potential in this area have been projected based on the future scenarios described in the Proceedings of the 20th IFAC World Congress Toulouse, France, July 9-14, 2017 
